The aim of this study was to analyze the scope of pre-surgical high resolution ultrasound in basal cell carcinoma (BCC). BCC is the most common human cancer. According to recent large prospective studies incomplete excision of BCC is higher than expected. Pre-operative imaging may aid surgical planning by identifying the extent and location of a neoplasm, which can be interesting at zones with higher risk of recurrences such as the face. These are slow growing tumors but there are some aggressive types described that can involve deeper structures. Twenty-five patients were studied (10 F/15 M, 4891 years old; mean age 69.5 AE 11.5 years) with suspicious facial lesions 1.5 cm. Pre-surgical ultrasound with compact linear 157 MHz probe was performed. Ultrasound reported the morphology and thickness of the tumors. The results were correlated with the histology. Ultrasound identified 29 suspicious facial lesions that were removed with tumor-free borders at the first surgery and confirmed by histology. The main location was the nose. Two subclinical satellite lesions at the nasal zone were detected under ultrasound which led to a change in the surgery plan. The intraclass correlation coefficient (ICC) value was used to compare tumor thickness measurements between ultrasound and histology. ICC was considered as very good (0.9). Therefore, ultrasound can be useful to plan BCC surgery, it can recognize lesions, layers of involvement and vascularity patterns in a non-invasive way. It can show subclinical satellite lesions, even though the number of subclinical cases is small and require further investigations. It has a good thickness correlation with histology and may be used as a technique to monitor disease changes following non-invasive medical treatments in the future.
Introduction
Basocellular carcinoma (BCC) is the most common cancer overall in humans and constitutes 7590% of all skin cancers. The tumors malignant characteristics depend on the destructive extension of the generally slow growing primary tumor, rather than on metastasis [13] , even though there are aggressive forms of BCC associated with extensive dermal invasion and destruction of collagen, which in certain cases can grow into deep tissues and even metastasize, and identification of tumor borders can be a challenge [48] . Although rarely a life-threatening disease, this predominantly facial tumor may cause considerable morbidity related to functional and aesthetic problems if untreated or recurring. High risk areas for recurrence are for, e.g. the skin of the eyes, nose and ears. Prevention of a recurrence, particularly within the facial area, is therefore an important goal in the treatment of BCC, because it may have a considerable impact on a patients quality of life [9] . As a measure of the standard of surgical care, incomplete excision of skin malignancy is an important clinical indicator. Reported rates of incomplete excision of BCC vary widely (525%) among centers worldwide. Risk factors for incomplete excision are: location on the head; morpheiform, superficial, and infiltrative subtypes; lesions larger than 20 mm in diameter; the presence of multiple lesions; repair by skin graft; and recurrent and previously incompletely excised BCCs [1016] . It may be speculated that these risk factors can be better controlled for by a more accurate pre-operative assessment of the tumor size, depth and relation to surrounding structures. As in other tissues, surgical planning with previous knowledge of the tumor margins is often the key to avoiding incomplete excision and post-surgical re-intervention or functional and aesthetical defects in the treatment of skin tumors.
Several therapeutic modalities have been used to treat BCC with different cosmetic results, complications and recurrences. The treatment modalities most frequently used are surgical excision (SE), cryosurgery, curettage and electrodesiccation, radiotherapy, Mohs micrographic surgery (MMS) and photodynamic therapy [17] . SE constitutes the accepted standard [10, 11] . In recent years nonsurgical therapies such as photodynamic therapy and immunomodulation with imiquimod have also become available. Because of their essentially non-scarring outcome these treatments are gaining increased acceptance by dermatologists worldwide.
A broad variety of diagnostic technologies are becoming available for non-invasive diagnosis of non-melanoma skin cancer (NMSC) [18] . Penetration, resolution, adaptation to the different convexities and concavities of the body surface, that are relevant on the face and worldwide availability are among the challenges for the different imaging techniques.
With the recent developments within high-resolution ultrasound equipment, which allow visualization of skin layers, it may be possible to recognize skin tumors and in addition to describe their morphological and topographical characteristics as well as their size more accurately, thereby helping the surgeon to plan the surgery [1830] . Lateral and longitudinal extension of a skin tumor could be defined by clinical observation within a safety margin, but depth and the possibility of involvement of deeper structures may remain unknown.
High frequency ultrasound has been used in dermatology with frequencies between 20 and 100 MHz, but when the frequency is increased, axial resolution improves with a loss of depth of the image, which can be a problem for detecting tumor thickness and involvement of deep structures. Penetration at a frequency of 20 MHz is no more than 67 mm.
The high resolution ultrasound in general use in radiology or diagnostic imaging departments, uses variable frequency transducers which can adapt to the depth of different tissue layers by modifying the applied frequency and focus without losing resolution. New probes with variable frequencies from 17 to 7 MHz or from 15 to 7 MHz can visualize the skin layers in real time [19] ( Fig. 1 ) as well as musculo-tendinous, cartilaginous and bony structures at the same resolution, with quality images that are more understandable and clearer from the anatomical point of view. The attached color Doppler function further permits observation of vascular morphology and perfusion in real time.
There are few reports in the medical literature about diagnostic imaging techniques used for pre-surgical visualization of skin tumors [18, 22, 31] . Ultrasound is not meant to replace histologic evaluation of BCCs, but may be a useful adjunct in surgical planning. The objective of this study was therefore to analyze the potential of presurgical high-resolution ultrasound technology in BCC.
Materials and methods
We recruited 25 patients, 10 females and 15 males, ranging in age from 48 to 91 years (mean AE SD 69.5 AE 11.5 years) from the Dermatology Department of our institutions, with one or more lesions that conformed with the following inclusion criteria: (1) lesion clinically apparent BCC; (2) lesion located on the face; (3) lesion diameter 1.5 cm; (4) lesions without any previous treatment or biopsy. The study was approved by the ethics committees of the institutions, and informed consent was obtained from all patients.
A color Doppler ultrasound study of the lesions was performed using a Philips HDI 5000 (Bothel, WA), with a 157 MHz compact linear probe and copious amounts of gel over the surface of the lesions, on the same day as the surgery. The ultrasound report included: shape, composition, described as solid or cystic, according to overall echogenicity (hypoechoic for solid and anechoic for cystic), homogeneity (homogeneous or heterogeneous), size, level of invasion, presence, type and location of vascularity. Thickness was measured from the epidermal surface to the deepest infiltration point of the tumor on two axis (one longitudinal view and one transverse view). The same value was used as the annotation value for both axes. In the case of nasal lesions, any presence or absence of nasal cartilage involvement was described.
The same radiologist (XW) with 15 years of experience in ultrasound performed all the sonographic studies. The same dermatologist (FB) performed all the surgeries and removed the lesions after having seen the ultrasound report, with conventional narrow safety borders (5 mm) and included the data in the pre-operative planning. The decisions to remove or not the adjacent nasal cartilage in nasal lesions and the depth of the incision during the surgery were based on the ultrasound report.
Tissue samples were sent to the histology laboratory fixed in 10% buffered formalin. The samples were stained with hematoxylin/eosin and examined with a microscope (Olympus BX 40, Olympus Optical, Tokyo, Japan).
After surgery, the same dermatopathologist (LS) looked at all the tissue samples throughout the study. The histology report included: cancer subtype, size, level of invasion and thickness, the presence of inflammation, blood vessels, sebaceous glands and collagen. In the case of nasal lesions, the presence or absence of nasal cartilage involvement was also reported. Tumor thickness measurements were made from the epidermal granulous layer to the deepest point in the slide with major tumoral infiltration. One axis depth annotation value was obtained given the nature of the procedure which involves observation on a slide under a microscope.
Measurements in ultrasound and histology were done at the deepest thickness infiltration point of the tumors to achieve the closest possible similar measurements for both methods.
There was one operator for the ultrasound, one surgeon and one pathologist, throughout the study. The results were blinded between the radiologist who made the ultrasound examinations and the dermatopathologist, but the radiologist had access to the histological reports after they were released.
The intraclass correlation coefficient (ICC) was calculated to compare thickness measurements for the same tumors for the two diagnostic methods: ultrasound and histology. The formula used was:
Where k is the number of observations for each patient (depth annotation values), SC is the sum of squares between cases and SS is the sum of total squares. ICC values ! 0.9 are very good, 0.700.89 good, 0.500.69 moderate, 0.300.49 mediocre, 0.29 bad. The k value is the number of annotation values made for each subject. There were 2 depth annotation values for the same lesion (k ¼ 2), one for the ultrasound depth and one for histology. Depth annotation values, not the number of measurements in the axial views, were taken for the intraclass coefficient calculation. Coefficient analysis for the ultrasound operator was performed under the same analysis but divided in two stages during the time of the study. The first group contained patients who had ultrasound and surgery earlier during the study (n ¼ 12) and then a second group who had ultrasound and surgery later (n ¼ 13). Thus, the second group represents an analysis of the ultrasound operators work after a period with close contact with BCC lesions.
The ICC was calculated using a one-way ANOVA table with the SPSS 11.0 software program and all the statistical analysis was performed by the same statistical analyst (ME).
Results
Of the 25 patients recruited (Fig. 2 ), 10 were female and 15 were male, with an age range from 48 to 91 years (mean 69.5 years; SD AE11.5).Clinically, 27 lesions suspicious of BCC were identified and ultrasound was able to recognize 29 lesions suspicious for BCC. The BCCs were located (Fig. 3 ) mainly on the nose (55%) followed by the infraorbitary zone (10%) and the cheek (10%). The histological subtypes (Fig. 4) were distributed as follows: 92% nodular (27 cases), 4% morpheiform (1 case), and 4% adenoid (1 case). No handling or fixation artifacts were seen on the tissue samples.
Two of the patients had more than one lesion. One patient presented two clinically visible tumors. The other patient had three lesions, with only one clinically visible and two satellite neoplasms that were found only with ultrasound. In both patients the lesions were located on the nose. The 29 tumors were completed excised and the histology confirmed the diagnosis of BCC with tumor-free borders in 100% of the cases.
Sonography showed hypoechoic, heterogeneous, oval shaped, solid tumors with irregular borders in 100% of the cases. All the lesions presented arterial vessels inside and at the periphery of the lesion, mainly surrounding the deep area of the tumor. Since most of the cases were nodular type (n ¼ 27), which is the most common subtype, and only 2 cases corresponded to different histological subtypes (1 morpheiform and 1 adenoid) there were no significant sonographic differences between the cancer subtypes. Nasal cartilage was sonographically visible in all cases and showed no signs of tumor involvement, which was confirmed by histology showing free margin reports (Fig. 5) . Arterial flow peak systolic velocities and resistance indexes were measured in every patient. Mean peak systolic velocity for BCC patients was 9.1 AE 4.09 cm/s (range 422.2), and mean resistance index was 0.53 AE 0.1 (range 0.370.67) (Figs. 6 and 7) .
Thickness (depth) was measured by histology and ultrasound.
Mean ultrasound thickness was 3.7 AE 1.1 mm (range 1.15.0) and 3.9 AE 1.0 mm (range 1.15.2) from histology (Fig. 8) . All except two cases had a very good correlation (ICC) between ultrasound and histology. In one case histology showed sebaceous gland hypertrophy around the tumor, which produced fuzzy sonographic tumoral borders. After seeing the histology, the radiologist was able to identify the ultrasound morphology pattern most likely associated with the sebaceous gland hypertrophy, which was a coarse hypoechoic tissue surrounding the tumor (Figs. 9 and 10 ). In the second case the histology presented an inflammatory giant cell reaction surrounding the deep portion of the tumor with prominent vessels. This area was taken at the ultrasound to be part of the whole tumor, but this type of surrounding inflammatory pattern with deep vessels that belongs to the inflammation process forms an angle with the tumor and it was subsequently possible to recognize it in the following ultrasound thickness measurement cases (Fig. 11a and b) . Ultrasound depth measurements compared to histological depth measurements excluding the two pitfall cases had an excellent correlation (ICC 0.9); the correlation for all the cases including the two pitfalls was good (ICC 0.7). In addition, correlation of the ultrasound operators measurements with histology gave an ICC of 0.7 (good) in the first 12 cases, which included the two pitfall cases, and 0.9 (very good) in the second 13 cases.
Surgical management was different in all the nasal cases (55%) because with the sonographic information on the absence of nasal cartilage infiltration the surgeon decided to not remove the cartilage adjacent to the lesion. The main surgical technique was completely changed in only one case; a cutaneous frontal flap to the nose was carried out to remove two subclinical lesions near to the main nasal tumor in one time surgery.
Discussion
All of the 29 BCC lesions that we studied had recognizable images on ultrasound, even though clinically they measured less than 15 mm. In all cases it was possible Ultrasound of a case later described by histology as surrounded with sebaceous hyperplasia that overestimated the size of the tumor. Calipers show the measurements that were included in the ultrasound report. The (C) mark corresponds to the cartilage at the nasal ala. Notice the coarse, fuzzy and heterogeneous echoic pattern of the tissue, which differs from the lesions previously seen. Tumor and sebaceous hyperplasia zones are marked.
to visualize the morphology, exact localization and thickness in a reliable way before surgery with a good histological correlation. The hypoechoic and oval shaped sonographic appearance of the tumors was consistent with previous reports in the literature [20, 32] . The relatively low arterial flow peak systolic velocities (mean 9.1 cm/s) and low resistance indexes (less than 0.7) for BCC cases could make them suitable for another aspect of non-invasive imaging, i.e. dynamic imaging. The morphology patterns of BCC vascularity in ultrasound have not been described previously. The predominant deep location of vessels can be compared in further investigations on other types of skin cancer in the future.
The big standard deviation observed in histology and ultrasound arises because we are comparing different sizes of lesions in different patients, therefore the lesions cannot be compared between each other. Therefore, the intraclass coefficient is used for a concordance analysis between the two modalities measuring the same tumor.
The purpose of the study was not to measure the diagnostic accuracy of ultrasound in the diagnosis of BCC; the aim was to analyze the scope of ultrasound in the definition of the sonographic morphology of BCC and to determine the possibility of measuring the unknown axis (depth) of the lesion. It was the surgeons experience that pre-surgical color Doppler ultrasound was a useful and reliable technique to plan the surgery; it permitted the sonographer to depict the skin tumors in real time and in a non-invasive way, both visible and subclinical lesions, thereby optimizing treatment. Information for the surgical management in nasal cases (55%) concerning the removal of cartilage was useful and permitted conservative one time surgery in all cases. The surgical technique was altered in one case with subclinical lesions near the main tumor.
In other types of skin cancer, e.g. melanoma, tumor vascularity may be of strong prognostic significance and prominent perfusion has been described [33] . Further investigations and comparisons between NMSC and Figure 10 Histology of the same tumor as the patient in Fig. 9 . The tumor is located between arrows and the rest was reported as sebaceous hyperplasia. melanoma tumoral vessel morphology, velocity and distribution probably can improve our diagnostic accuracy and could also be a prognostic factor in NMSC.
Solitary and multiple satellite subclinical BCC lesions in the same patient were detected in this study, which may be advantageous with regard to achieving adequate surgical planning and optimizing the results, similar to e.g. hidradenitis [34] . In one case, this observation allowed the surgeon to change the technique and to extract three skin cancers in one session. However, the number of subclinical lesions were low in this study and this observation therefore requires further investigations (Figs. 12 and 13 ). The detection of subclinical cases of BCC lesions using ultrasound has not been previously described in the literature, but identification of subclinical lesions has been described using ultrasound for studying melanoma [18, 35, 36] . The tumors reviewed were all 515 mm, suggesting that even small tumors can be correctly identified. The fact that it was possible to study small tumors suggests that this procedure would also be valid for larger tumors with deeper type of involvement and where the changes may be expected to be more pronounced; these observations suggest that ultrasound, at the current stage of its development, may be useful in the pre-operative assessment of BCC in high-risk areas.
One of the aspects of physical examination, which is offered by ultrasound imaging over clinical examination alone, is that of quantification. We measured the size of the tumors, and found that the intraclass coefficient values were good even though the measurements were comparing real time live tissues by ultrasound with dehydrated tissues in histology. A strong correlation between histology and ultrasound thickness has already been reported for melanoma [37, 38] . However, in previous studies some overestimation of tumor thickness appears when ultrasound measurements are compared directly with the histology measurements. This may represent tissue shrinkage occurring during preparation of the histological slides, due to the inclusion of echoic paratumoral inflammatory infiltrates, or because tissue measurements were not made at the exact same point of the usually irregular borders in neoplastic lesions. Comparing ultrasound and histology, the results are good and the differences between the methods are small and less than the mean safety security margins. Figure 12 Cutaneous frontal outflap surgery in a case with three BCC focuses on the nose. Two of the three focuses were subclinical and detected only at the ultrasound examination.
All these mechanisms may play a role, but as in other imaging methods, the results are to some degree operator dependent. The ultrasound operator analysis in this study suggests a learning curve for the discrimination of potential measurement pitfalls, i.e. once the pitfalls are recognized, it is possible to avoid them and improve accuracy for the next cases. The detection of potential pitfalls for the ultrasound operator can be a useful topic for further investigations. Our experience suggests that echoic inflammatory paratumoral infiltrates can be recognized and distinguished from actual tumor tissue by a trained sonographer based on the ultrasound morphology.
Multiple hypersonographic spots have been proposed recently as a characteristic to differentiate between NMSC and melanoma [39] .These spots were observed but not quantified in our study, because it was not the purpose of our work. This fact could be a subject for further investigations to analyze the histological causes and the amount of hyperechoic spots that can make the difference in the diagnosis.
Tumor location is one of the factors associated with incomplete excision of BCC mainly on the nose (particularly the nasal ala) and the eyelids (particularly the inner canthus) [9, 40] . In our study all the anatomical sites, including the nose and eyelids, were easily reached with the compact linear probe shape and a copious amount of gel, which is important in order to have easy access to the most common locations for BCC.
Conclusion
Presurgical high resolution color Doppler ultrasound was a useful and reliable technique to plan surgery; it permitted real time non-invasive detection of all visible lesions and also some subclinical lesions, making it possible to optimize treatment. Previous knowledge of the margins and shape, including thickness and distribution of vascularity, made it feasible to excise the tumors in a single session with tumor-free borders. Access to determine the surface skin lesion morphology was easy and the involvement of deeper tissues could be ruled out. There are some sonographic pitfalls that can be recognized and avoided by the operator in order to achieve more accurate measurements. Although the number of cases in this study is small, these results are promising in terms of non-invasive, earlier detection of subclinical lesions and a better description of clinical lesions in the most common type of human cancer. Ultrasound is not meant to replace histologic evaluation, but it is can be used as another diagnostic and support tool, as well as treatment planner and for stratifying high risk patients. It permits good visualization of the nasal cartilage that could avoid incomplete excisions in this location. It is also an imaging method that could be used for all the new medical non-invasive treatments in skin cancer that will require of non-invasive techniques to monitor the evolution of the disease.
